The metamorphic rocks considered as Precambrian are exposed in the Puerto Berrio area situated in the eastern edge of the Antioquia province of the Central Cordillera, central Colombia.
Introduction
In Colombia the Andean mountain chain splits into three ranges. These are, from the west to east, the western Cordillera, the Central Cordillera and the Eastern Cordillera (Fig. 1 ). In the Eastern Cordillera and the eastern and central part of the Santa Marta Massif, Precambrian basement, the ages of which have been confirmed by radiometric ages ranging in 1,400-750 m.y. (MacDonald and Hurley, 1969; Goldsmith et al., 1971; Tschanz et al., 1974) , are widely exposed. The Precambrian basement has been considered to extend to the Central Cordillera (Irving, 1975) . However, no radiometric determinations have been made for the Precambrian metam orphic rocks in the Central Cordillera. The Western Cordillera is made up of a thick, deformed, eugeosynclinal-type section of Mesozoic marine fine clastic volcanic deposits (Burgl, 1961) .
The Puerto Berrio area is situated in the eastern part of the Antioquia province of the Central Cordillera. Precambrian meta morphic rocks, which are widely exposed in the north-eastern part of the Central Cor dillera, occur in the area. This paper reports K-Ar ages on the Precambrian metamorphic rocks of the Central Cordillera basement in the Puerto Berrio area of the Antioquia province, central Colombia.
Samples described in this paper were collected during the Andes Scientific Expedi tion conducted by Shizuoka University in 1976. (Manuscript received January 24, 1983) 
Geological setting
Antioquia province of the Central Cordillera is made up of metamorphic, igneous and sedimentary rocks (Fig. 2) . The metamorphic rocks are divided into two groups (Irving, 1975) ; one is Precam brian and the other is Paleozoic. The Pre cambrian metamorphic rocks, which consist of quartz feldspathic gneisses, aluminous gneisses, amphibolites and marble, are over lain by lightly metamorphosed Ordovician strata and intruded by middle Jurassic gran ites (Irving , 1975 (Irving, 1975) . They belong to the green schist facies to a higher-temperature part of the amphibolite facies (Feininger et al., 1970; Fujiyoshi et al., 1976) . They have also been intruded by plutonic rocks, which have been strongly metamorphosed, presumably during upper Paleozoic (Irving, 1975) .
Sample descriptions and radiometric age determinations
The Precambrian metamorphic rocks are bounded by faults and mostly weathered. The fresh outcrops at the El Vadpor River Plagioclase shows antiperthitic texture and is sometimes dusty. Hornblendes have two kinds of Z-axial color, brown and pale greenish. They usually show zonal texture: the core is brown and the margin pale greenish. Some samples include thin band consisting of plagioclase and clinopyroxene, and clino pyroxene in the margin of the band is replaced by pale greenish hornblende. Quartz feldspathic gneiss consists of quartz, Kfeldspar, plagioclase and biotite with myr mekite. Large K-feldspar shows stringlets or strings-perthtitic texture and is dusty. Small K-feldspar is fresh and non-perthitic or contains small amount of albite. Quartz is small-grained. The Z-axial color of biotite is brown. The biotite gneiss is composed of quartz, plagioclase, biotite and opaque mineral; the Z-axial color of biotite is brown. These rocks show the imprint of later retrogressive metamorphism character ized by thin shear band consisting of fine grained chlorites or muscovite and wavy the metamorphic rocks widely exposed in the Antioquia province has been considered to be late Paleozoic, because a metatonalite and a granitic stock, both of which intrude the metamorphic rocks, have given K-Ar ages of 239 and 214 m.y. on biotite and muscovite, and 215 m.y. on biotite, re spectively (Burgl, 1967) . A metamorphic rock in the central part of the Sierra Neva da de Santa Marta, regarded as the con tinuation of the metamorphic rocks of the Central Cordillera, has given a K-Ar age of 250 m.y. on hornblende (MacDonald and Hurley, 1969) . The hornblende age obtain ed in the present study indicates that the metamorphic rocks in the Puerto Berrio area have been subjected to the metamorphism of late Paleozoic and provides another evidence that the time of metamorphism for the metamorphic rocks in the Antioquia province belongs to late Paleozoic. On the other hand, the amphibolite measured shows the three different stages: The first stage is the formation of brown hornblende and antiperthite, the second the replacement of brown hornblende and pyroxene with pale greenish hornblende, and the last the formation of the shearth band of chlorite. Some granulitic basement is overlain by lightly metamorphosed Ordo vician strata (Irving, 1975) . These facts might suggest that the hornblende age obtained indicates the formation of pale greenish hornblende and remains the possibility that the formation of brown horn blende and antiperthite is Precambrian.
The biotite gneiss in the same location has yielded the age of 127 m.y. on biotite, being discordant with the hornblende age. Biotite K-Ar age is generally sensitive to later thermal effect (e.g., Hart, 1964; Moorbath, 1967 ). The biotite gneiss shows the imprint of the later retrogressive metamor phism characterized by the shearth band as does other metamorphic rocks in the same location. Therefore, the biotite age might suggest later igneous or metamorphic event.
The Precambrian basement in the Puer to Berrio area is intruded by middle Jurassic granitic rocks with a K-Ar age of 160 m.y. on hornblende (Feininger et al., 1973) . Thus the biotite age of 127 m.y. does not indicate the time of the granite intrusion. Late Jurassic-early Tertiary metamorphic rocks, belonging to the greenschist facies to a lowertemperature part of the amphibolite facies, have developed along the Carribean Sea in the nothern Colombia. Their ages range from 143 to 33 m.y. (MacDonald et al., 1971; Tschanz et al., 1974) . The main phase of their metamorphim is considered to be late Jurassic to early Cretaceous. Middle Cretaceous to early Tertiary ages might be caused by the intrusion of granites (Fujiyo shi et al., 1976) . In the Central Cordillera, Irving (1975) has pointed out that another orogeny, superimposed on the late Paleozoic metamorphism, began with strong folding and ended with emplacement of the An tioquia batholith ranging in age from 80 to 68 m.y. These facts might suggest the extension of the late Jurassic-Cretaceous metamorphic zone along the Caribean Sea to the Central Cordillera. The biotite age obtained in the present study might suggest that the metamorphic rocks in the area has suffered from the effect of late Jurassic to Cretaceous metamorphim as in the Antio quia province.
It was unable to confirm geochronologi cally whether the basement in the Central Cordillera was Precambrian. However, the geology and petrology of the basement sug gest the possibility that it is Precambrian. The geochronology of the Eastern Cordillera basement indicates the superimposition of early Paleozoic metamorphism on Precam brian basement (Goldsmith et al., 1971) ; the geochronology of Peruvian basement regarded as the continuation of the Central Cordillera metamorphic zone also indicates the superimposition of Paleozoic metamor phism on Precambrian granulitic and charnokitic basements (e. g. Stewart et al., 1974; Cobbing et al., 1977 
